Statement of translational relevance
In the present study, we identified 52 proteins whose expression patterns are commonly altered in five invasive head and neck cancer sublines. The proteins included 10 (19%) molecular chaperones. Seven proteins had confirmed differential expression patterns, and four were further investigated. Cellular studies demonstrated that Gp96 and Grp78 play positive roles in the regulation of cell migration and invasion, whereas Hsp60 and GANAB play negative roles. Clinical studies have consistently revealed that high levels of Gp96 and Grp78 and low levels of Hsp60 and GANAB are significantly associated with advanced cancer and poor survival. Thus, losing the tumor suppressive function of Hsp60 or GANAB and acquiring the oncogenic function of Gp96 or Grp78 contribute to aggressive cancer. These proteins may serve as prognostic markers in the prediction of patient survival and as targets for cancer drug development.
Introduction
Head and neck cancer (HNC) is the sixth most prevalent cancer in the worldwide, with an estimated over 500,000 new cases being diagnosed annually [1] [2] . HNC is characterized by an aggressive growth phenotype and early metastasis that lead to difficultly tumor control. Identification of molecular markers and effective treatment regimens for metastasis are urgently needed. Recently, several investigators have conducted global expression profiling experiments to identify genes linked to cellular invasion. However, there was little overlap in the genes identified by each study, probably because of differences in the study designs. For example, different experimental approaches were used to identify invasion-related genes, including the direct comparison of two sets of samples with different invasive capabilities [3] [4] [5] and the comparison of cancer cell lines with normal keratinocytes [6] . However, a major disadvantage of these approaches lies in the heterogeneity of the samples. To reduce heterogeneity and obtain a common set of data on molecules involved in HNC invasion, in this study, we used an in vitro Matrigel invasion model to establish 5 highly invasive HNC sublines, following global surveyed of the invasion associated molecules by proteomic methods. Total of 52 proteins were identified with high frequency, including a significant fraction of molecular chaperons (19%). We therefore further investigated whether this group of proteins possessing roles in cellular invasion.
Molecular chaperones are required for the stability and activity of a wide range of client proteins that involved in many biological processes, including signal transduction, cellular trafficking, chromatin remodeling, cell growth, differentiation, and reproduction [7] [8] . However, their functions in regulation of cell mobility or invasion has not been much addressed. In the present study, we confirmed 7 proteins differentially expressed in 5 HNC invasion sublines. We further validated the biological functions and clinical significance of 4 proteins, and discussed the implications in the carcinogenic mechanisms.
Materials and Methods

Establishment and characterization of highly invasive HNC cell sublines
Five HNC cell lines were used, including 2 nasopharyngeal cancers (BM1 and BM2) [9] , 1 oral cancer (OECM1) [10] , and 2 pharyngolaryngeal cancers (Fadu and Detroit) [11] . All the cell culture conditions were the same as previously reports [9] [10] [11] . The Matrigel invasion method was used to establish HNC cell sublines with a
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Author Manuscript Published OnlineFirst on June 3, 2011; DOI: 10.1158/1078-0432.CCR- high invasive capability, similar as previously describe [12] . Four generations of HNC invasive sublines were established. Although different cells showed varying levels of invasiveness, the invasive ability of the HNC sublines increased with ascending generations. Compared to the parental cells, the invasive ability of the five different cell lines increased between 13-and 21-fold after four generations (Supplement Figure 1) . These results indicate that highly invasive sublines of HNC cells were successfully established.
Subcellular protein extraction and comparative proteomic analysis
To better identify cell proteomes, subcellular proteins were extracted as previously described [13] . Fractions containing 50 μg of protein were separated by electrophoresis on a 8-16% gradient gel. These protein bands were then scanned by a densitometer and analyzed by ImageMaster TM software. Protein bands with differential expressions were excised, extracted and identified using MALDI-TOF mass spectrometry as previously described [14, 15] . Peptide mass fingerprinting was performed using the Mascot search engine (Matrix Science) and the National Center for Biotechnology Information protein-protein BLAST database.
Prediction and analysis of the network pathways associated with invasion Network analyses of differentially expressed genes were performed using the MetaCore™ Analytical suite (GeneGo Inc., St Joseph, MI, USA) as previously described [12] . MetaCore™ was used to calculate the statistical significance (p value) of the probability of assembly from a random set of nodes (genes) of the same size as the input list. To build the network of differentially expressed genes, we applied the shortest paths algorithm to establish direct paths between selected objects.
RNA extraction and RT-PCR analysis
Total RNA was extracted from cells using the TRIzol reagent (Gibco BRL) following the manufacturer's instructions. The cDNA synthesis and PCR reaction primarily followed methods that have been previously described [16] . The primer sequences are listed in Supplemental Table 1 . The PCR products were analyzed by electrophoresis and transferred to a nitrocellulose membrane. The membrane was hybridized with primary antibodies and then incubated with horseradish peroxidase-conjugated secondary antibodies. The primary antibodies used were anti-Hsp60 (clone: MAB3514, Chemicon), anti-GANAB (clone: C-16, Santa Cruz Biotech., CA, USA), anti-Gp96 (Clone: 9G10.F8.2, NeoMarkers, Fremont, CA), and anti-Grp78 (clone N-20, Santa Cruz Biotech.). The membranes were developed and exposed to x-ray film. Using the Gel Image System (Scion Corporation, MD), the density of each band was determined after normalization to an actin control band.
Cloning and transfection of short hairpin RNA (shRNA) plasmids
The pTOPO-U6 vector was used to construct Hsp60-, GANAB-, Gp96-, and Grp78-shRNA plasmids as previously described [9] . Briefly, a 15-18 sense and antisense complementary hairpin oligonucleotide was generated against a specific mRNA sequence of each gene, following cloned into pTOPO-U6 vector. The sequences of the specific shRNA oligonucleotides are listed in Supplemental Table 2 . For cellular transfection, the Lipofectamine 2000 TM reagent and Opti-MEM medium (Invitrogen, Carlsbad, CA) were used, as previous described [10] [11] .
Cell growth, migration, and invasion assays Cell growth, migration and invasion assays were performed as previously described [10] . Briefly, cell growth was monitored by counting cells on a daily basis. Cell migration was evaluated using the in vitro wound healing assay. Cell invasion assays were performed using a BioCoat Matrigel and Transwell invasion chamber. The invasive ability of these cells was determined in a 2 day of incubation by counting the cells that had passed through the Matrigel-coated membrane into the lower chamber.
Immunohistochemistry
Immunohistochemistry (IHC) analysis was performed using a streptavidinbiotin complex system (LSAB2 system; Dako, Carpinteria, CA), similarly as previous described [16] . These primary antibodies were anti-Hsp60 (clone: MAB3514, Chemicon), anti-GANAB (clone: C-16, Santa Cruz Biotech., CA, USA), anti-Gp96 (Clone: 9G10.F8.2, NeoMarkers, Fremont, CA), and anti-Grp78 (clone N-20, Santa Cruz Biotech.). The color was developed with AEC substrate chromogen (LSAB2 system). The staining reactions were determined by microscopic examination. The immunoreactivity was evaluated by subjective assessment of the median staining intensity, as negative (0: no staining), weak (+1), moderate (+2) or strong (+3).
Research. Clinical association study Biopsies of cancer and grossly normal mucosa tissue were obtained from each subject before chemotherapy or radiotherapy. Proteins were extracted from tissues and subjected to immunoblot analysis as described above to determine the expression level of the chaperone proteins (Hsp60, GANAB, Gp96 and Grp78). To define the relative levels of protein expression in clinical samples, the band density of each tumor sample was normalized with an internal control (actin protein expression) and compared with that of normal tissue from the same patient. The cutoff points were determined after calculation of the ROC (receiver operating characteristic) curve for best fit of sensitivity and specificity. For Hsp60 and GANAB, the protein expressions in tumor tissues lower than 1.2-fold of the normal counterparts were defined as low level. In Gp90 and Grp78, the protein expressions in tumor tissues greater than 1.8-fold of the normal counterparts were defined as high level.
The Pearson chi-square test was used to examine the association of chaperon protein expressions and clinicopathologic features, including TNM stage. Survival curves were calculated by the Kaplan-Meier method with a log-rank test. All P values were two-sided, and the significance level was set at a P of <0.05.
representative example is shown in Supplement Figure 2A . A total of 420 protein bands were identified by mass spectrometry. These bands represented 184 proteins. Fifty-two proteins were identified more than twice among different cell types, indicating the significance of these proteins in regulation of the invasion phenotype, as summarized in Table 1 . Of these 52 proteins, 18 (35%) function as cytoskeleton or adhesion molecules, 10 (19%) function as molecular chaperones, 9 (17%) are metabolic enzymes, 8 (15%) involve in transcriptional or translational regulation, and 7 (13%) involve in cellular signaling transduction (Supplement Figure 2B) .
The 52 proteins identified in several proteomes were imported into MetaCore, ™ and pathways associated with invasiveness were analyzed. Seven regulatory pathways were found to be significantly associated with invasiveness (p<10 -23 ): regulation of apoptosis, actin cytoskeleton organization and biogenesis, mechanism of double-strand break repair, cellular response to stress, branching morphogenesis of a tube, pathway in mitochondrial ornithine transport, and cell cycle regulation, (Supplemental Table 3 ).
To more specifically determine the most significant pathway in the regulation of cell invasion in HNC, the shortest path analytical model of MetaCore ™ was applied.
A total of 33 of the 52 identified genes were matched to network pathways ( Figure  1A ). To validate these predicted networks, some of the network proteins were examined differentially expressed between parental and subline cells. As shown in Figure 1B , several molecules were demonstrated to be involved in the regulation of the invasion phenotype: the MMP2 extracellular protein; membrane protein Annexin-II; cytoplasmic c-Raf, ERK1/2, IKK-alpha, and 14-3-3-sigma signaling proteins; and nuclear STAT1 and c-Myc transcription factors. These results indicate that the invasion phenotype is exquisitely controlled by complicated mechanisms in human cells.
Molecular chaperone proteins have consistently altered expression in invasive cells
It is interesting to note that, in addition to cytoskeleton and adhesion molecules, molecular chaperones represented a significant fraction (10/52, 19%) of the proteins we identified (Table 1) . We therefore explored whether this group of proteins contributes to cellular invasion in HNC. Seven of the proteins that appeared frequently in the proteomic screening were selected for confirmation studies. RT-PCR analysis was performed and the results are shown in Figure 1C . As shown, Hsp90α/Hsp90-AA, Hsp90β/Hsp90-AB, Hsp90-B1/Gp96, Hsp70-A5/Grp78, and HYOU1 were consistently up-regulated in all five invasive sublines compared with the corresponding parental cells (p<0.001 in all the molecules). Hsp60 and GANAB were down-regulated in all the invasive sublines (p<0.001 in both molecules). The gene expression levels were also determined by RT-quantitative PCR method and the similar results were obtained (Supplement Figure 3) . These results suggest that these proteins play common and important roles in regulation of invasive phenotype in HNC.
Cell growth was suppressed by Hsp60 and GANAB and promoted by Gp96 and Grp78
To shed more light on the biological functions of these chaperones, the four molecules (Hsp60, GANAB, Gp96, and Grp78) that exhibited the greatest change in expressions were selected for further study. Two specific shRNA constructs were designed against each protein, and the knockdown efficacy of each plasmid was determined by immunoblot analysis. As shown in Supplement Figure 4A , there were different levels of RNA expression in the presence of each of the two shRNA constructs, with one (Sh-2 of Hsp60, Sh-2 of GANAB, Sh-1 of Gp96, and Sh-2 of Grp78) demonstrating more significant suppression (over 80% for all four genes).
Therefore, we used the more potent shRNA constructs for further study. The specificity of these shRNA constructs was examined by western blot analysis for the four proteins Gp96, Grp78, Hsp60, and GANAB, as shown in the Supplement Fig 4B. Results showed that the specificity for each shRNA construct was very high, with only minimal effects on the other chaperone proteins.
The effects of the shRNAs on cell growth were determined. In general, treatment with either Hsp60-sh or GANAB-sh enhanced cell growth, while treatment with both Gp96-sh and Grp78-sh inhibited cell growth. Using Fadu cells for example, cell growth rates increased with time when treated with Hsp60-sh or GANAB-sh, whereas significantly reduced upon Gp96-sh or Grp78-sh treatment (Supplement Figure 5 ). This phenomenon was consistently observed in other HNC cells, with a 1.3-to 1.6-fold increase in cells treated with either Hsp60-sh or GANAB-sh (p= 0.003 ~ 0.04 in all cell lines) ( Figure 2A) . Similarly, consistently with Fadu cells, a substantial reductions were found in other HNC cells when treated with Gp96-sh (27-54%, p<0.03 in all cell lines) or Grp78-sh (18-53%, p<0.02 in all cell lines) ( Figure 2A ). These results suggest that Hsp60 and GANAB play negative roles, while Gp96 and Grp78 positive roles in regulation of cell growth.
Cell migration and invasion were inhibited by Hsp60 and GANAB and augmented by Gp96 and Grp78
An in vitro wound-healing assay was performed to determine the effect that silencing these chaperones has on cell migration. As shown in Figure 2B , both Hsp60-sh and GANAB-sh transfected cells migrated much faster than control cells. After 24 h, the Hsp60-sh cells showed a 1.49-fold faster movement and GANAB-sh cells showed a 1.78-fold faster movement compared to the vector transfectants. After 48 h, the wounded area was completely closed in the shRNA transfected cells, while the wounded area in vector transfected cells was not closed. The silencing of Gp96 and Grp78 had different effects. Both Gp96-sh and Grp78-sh transfected cells migrated much more slowly than control cells. After 48 hours, the wounded area remained significantly larger when compared to that in vector transfected cells, with a 44% and a 57% decrease for Gp96-sh and Grp78-sh transfectants, respectively. These results suggest that Hsp60 and GANAB negatively regulate cell migration, whereas Gp96 and Grp78 possess functions that positively regulate cell migration.
The invasive ability of the cells was determined using the Matrigel invasion assay. Cells treated with both Hsp60-sh and GANAB-sh showed a significant increase in invasive ability compared to control cells, as shown in the Supplement Figure 6 and Figure 2C . After 2 days, all three HNC cell lines that had Hsp60 silenced displayed a 1.6-to 3.9-fold (p< 0.001 to p=0.018) increased ability to invade. The effect of GANAB silencing was even more dramatic. In all GANAB-sh cells, a 2.2-to 24.1-fold increase in invasiveness (p< 0.001 to p=0.014) was observed. Treatment with either Gp96-sh or Grp78-sh resulted in a substantial decrease in cell invasion, as shown in the Supplement Figure 6 and Figure 2C . After 2 days, all three Gp96-shlenced cell lines displayed a 6-24% suppressed invasive ability (p< 0.001 in all three cell lines). Similarly, the three Grp78-shlenced cell lines displayed a 4-23% suppressed invasive ability after 5 days (p< 0.001 in all three cell lines). These results suggest that Hsp60 and GANAB have negative roles, whereas Gp96 and Grp78 play crucially positive roles in the regulation of cell invasion.
Low-level expression of Hsp60 and GANAB and high-level expression of Gp96 and Grp78 are correlated with cancer aggressiveness and poor survival
To understand the clinical significance of these chaperone proteins in cancer, paired tumor and adjacent grossly normal tissues from 78 patients with HNC were obtained for study. For each tissue sample, total protein was extracted and subjected to immunoblot analysis. A representative example of the results is shown in Figure   3A . As shown, Hsp60 and GANAB were significantly down-regulated in many of the cancer tissues, whereas Gp96 and Grp78 were substantially up-regulated. Results of immunohistochemistry analysis also support these findings. In general, the lower level of Hsp60 and GANAB whereas higher level of Gp96 and Grp78 were found in advanced cancers in comparison with early staged diseases ( Figure 3B) .
To determine the potential association between cancer status and protein expression, the Pearson's chi-square method was used for statistical analysis. Results
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on Table 2 . For Hsp60 and GANAB proteins, low expression was correlated with more aggressive cancer, as in pathological T stage (p<0.001 and p=0.023 in Hsp60 and GANAB, respectively), N stage (p<0.001 for both Hsp60 and GANAB), and overall stage (p<0.001 for both Hsp60 and GANAB). Conversely, for Gp96 and Grp78, high expression was correlated with advanced cancer, as in pathological T stage (p=0.047 and p=0.024 for Gp96 and Grp78, respectively), N stage (p=0.029 and p=0.034 for Gp96 and Grp78, respectively), and overall stage (p=0.016 and p=0.007 for Gp96 and Grp78, respectively).
The association of patient survival and protein expression was examined using the Kaplan-Meier method with a log-rank test. As shown in Figure 3C , lower levels of Hsp60 or GANAB were associated with adverse treatment outcomes (5-year disease-specific survival was 93% vs. 56%, p<0.001 for Hsp60, and 90% vs. 62%, p=0.006 for GANAB). Conversely, higher levels of Gp96 or Grp78 were associated with a poor treatment outcome (5-year disease-specific survival was 55% vs. 85%, p=0.025 for Gp96, and 63% vs. 87%, p=0.005 for Grp78).
Discussion
In HNC, tumor invasion and lymph node metastasis are common causes of treatment failure. To investigate the invasion phenotype of HNC, we established five sublines of highly invasive HNC cells. We used these cells to identify a common set of proteins that regulate the invasion phenotype. Proteomic analysis identified 52 proteins whose expression patters were frequently altered in the invasive sublines (Table 1) . Network pathway prediction revealed that several cellular processes may respond to invasion, suggesting the involvement of complex circuits in the regulation of the invasion phenotype. Furthermore, specific proteins in the predicted pathways were identified ( Figure 1B) , suggesting a high probability that the algorithmic analysis in the present study is valid.
The biological functions of the identified proteins in the invasive sublines were examined. In addition to cytoskeleton adhesion molecules, molecular chaperone proteins represented a considerable fraction (19%) of the identified proteins. These molecular chaperone proteins included 3 proteins that belong to the Hsp90 family and 4 proteins that belong to the Hsp70 family (Table 1) . We further confirmed that 7 proteins were differentially expressed in the 5 invasive HNC sublines. Of these, 5 (Hsp90α/Hsp90-AA, Hsp90β/Hsp90-AB, Hsp90-B1/Gp96, Hsp70-A5/Grp78, and HYOU1) were consistently up-regulated, and 2 (Hsp60 and GANAB) were consistently down-regulated ( Figure 1C) . The four proteins with the greatest changes in the expression levels were selected for functional validation. Although Hsp60 and GANAB had only a marginal effect on cell growth, the knockdown of these two genes considerably enhanced cell migration and invasion, suggesting that these two proteins possess tumor suppressive functions, and majoring on the regulation of cell mobility (Figures 2). In contrast, the knockdown of Gp96 or Grp78 drastically reduced cell growth, migration, and invasion, suggesting that these two proteins possess oncogenic functions (Figures 2) . Although the underlined mechanism between these chaperone proteins and invasion is still unclear, since there is no cross interactions between these four chaperones (Supplement Fig 4B) , the effects of these molecules leading to cell invasions may through mutual independent pathways.
A number of molecular chaperones, including Hsp60, are typically located in mitochondria and are presumed to function mainly within this organelle. However, there is now accumulating evidence that these chaperones are also located in a variety of cellular compartments, where they perform important functions [17] [18] [19] . For example, Hsp60 in the cytosol can interact with procaspase-3 or p53 to orchestrate survival, while disruption of these complexes can exert an apoptotic effect [20, 21] . All of these reports indicate that Hsp60 is involved in multiple cellular functions related to maintaining homeostasis. Recently, aberrant expression of Hsp60 was found in many clinical cancer tissues; however, this protein has been reported to be both positively and negatively correlated with cancer status. For example, elevated expression of Hsp60 was found in cervical, prostate, and breast cancers [22] [23] [24] . On the other hand, decreased expression of this protein was reported in bronchial and bladder cancers [25, 26] . Our results are in agreement with the latter findings that Hsp60 expression was lost during cancer progression ( Figures 3A and 3B) . Furthermore, lower levels of Hsp60 expression were associated with clinicopathological stage and poor survival (Table 2, Figure 3C ), indicating that loss of the Hsp60 tumor suppression function may lead to advanced malignancy. GANAB (glucosidase-alpha neutral AB), also named the glucosidase II-alpha subunit, is a neutral glucosidase involved in the transaction and folding of newly synthesized glycoproteins in the endoplasmic reticulum (ER) [27, 28] . Disruption of GANAB led to the accumulation of misfolded glycoproteins and the induction of the unfolded protein response (UPR) [28] . GANAB is also a key regulator of glycosylation. Deletion of GANAB led to a novel N-glycosylation mechanism in the biosynthesis of variant cell surface glycoproteins [29] . The loss of glycosidase II is associated with polycystic liver disease, in which hepatocystin fails to assemble with GANAB during carbohydrate processing, leading to altered cellular proliferation and differentiation [30, 31] . Aside from polycystic liver disease, to the best of our knowledge, GANAB has not been reported to be associated with other diseases. In the present study, we first demonstrated that GANAB is associated with cancer development, through negative regulation of cell migration and invasion abilities ( Figure 2 ). This down regulation further supports a correlation between GANAB expression and more aggressive cancer and poor survival (Table 2, Figure 3 ). Because N-glycosylation of several cellular proteins may change tumor invasion and metastatic ability [32, 33] , GANAB may participate in carcinogenesis through the regulation of the N-glycosylation of specific client proteins.
There are three types of Hsp90s in mammalian cells: (1) cytosolic Hsp90, which includes Hsp90α/Hsp90-AA and Hsp90β/Hsp90-AB; (2) ER Hsp90, Hsp90-B1/Gp96/ Grp94/endoplasmin; and (3) mitochondrial Hsp90, Trap-1 [7, 34] . Because several oncoproteins are client proteins of cytosolic Hsp90, many Hsp90 inhibitors have been developed as anti-cancer therapeutic agents in preclinical and clinical evaluations [35, 36] . The ER Hsp90, Gp96, was first identified to be associated with malignancy by screening a human teratocarcinoma cDNA library with mouse Gp96, which encodes the TRA1 protein [37] . As knowledge increased, Gp96 was found to play an important role in the cell-mediated immunity of the anti-tumor response by forming stable complexes with tumor-derived antigenic peptides that in turn present these peptides to MHC class I complexes [38] . Recently, Gp96 over-expression has been observed in several cancers, suggesting a direct link between this protein and malignant diseases [39] [40] [41] [42] . In the present study, we found that the levels of both cytosolic (Hsp90α and Hsp90β) and endoplasmic reticulum (Gp96) Hsp90s are elevated in the invasive subline cells, and the level of Gp96 was higher than that of other Hsp90s ( Figure 1C) . We further demonstrated that high levels of Gp96 are associated with more aggressive phenotypes and poor survival of HNC patients (Table 2, Figure 3 ). In addition, silencing Gp96 significantly suppressed cell growth and invasion (Figure 2 ). Therefore, Gp96 may actively regulate multiple cancer behaviors and contribute to malignant transformation.
Grp78 (also named Hsp70-5, HspA5 or Bip) is a well-characterized ER chaperone that is part of the Hsp70 family [43] . Previously, the study of Grp78 emphasized the cytoprotective and anti-apoptotic function of Grp78 in response to ER stress, which leads to the modulation of chemosensitivity [44] . Recently, it has been shown that Grp78 plays more roles than originally appreciated. Studies have shown that this protein is also expressed on the cell surface and may actively regulate multiple malignant phenotypes [45] [46] [47] [48] . Silencing of Grp78 expression may result in the loss of PTEN tumor suppression and oncogenic AKT activation [46] . Grp78 may also form a complex with the cripto protein at the cell surface, and knockdown of this complex may eventually lead to suppression of cell proliferation and invasion [47, 48] .
In agreement with these reports, Grp78 has been found to be overexpressed in many cancers, including lung, colon, esophageal, gastric and oral carcinomas [39] [40] [41] [42] 49] . In the present study, we found high levels of Grp78 in HNC tissues, and these levels were associated with more aggressive status and poor prognosis (Table 2, Figure 2 ). In addition, silencing of Grp78 significantly suppressed cell growth and invasion (Figures 2). Thus, Grp78 has been demonstrated to be an important oncogenic protein in many aspects.
Understanding the mechanisms underlying the regulation of invasion provides insight into the management of bulky or metastatic cancers. Our study demonstrates the great potential of several molecular chaperones, especially Hsp60, GANAB, Gp96, and Grp78, in clinical applications involving HNC prognosis and treatment.
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Research. contained complete culture medium, which included 10% FBS to trap cell invade through Matrigel-coated membrane. Cell numbers in the lower chambers were calculated after 2 days. In each cell line, the cell number of shRNA transfection was normalized by that of vector transfection to assess relative invasion ability. Each experiment was performed two times with triplicate. The p-values were generated from the mean values of the two experiments. (C) Clinical association between disease free survival of patients and the protein expression status of Hsp60, GANAB, Gp96 or Grp78. Survival curves were calculated using the Kaplan-Meier method with a log-rank test.
